The aim of this study was to determine the extent of unnecessary investigation performed as part of the preoperative preparation of elective surgical patients in a teaching hospital and to audit the effect of guidelines and education designed to reduce unnecessary investigation. Guidelines were developed for preoperative anaesthetic investigation for elective surgical procedures in patients over one year of age according to internationally accepted criteria, with some adjustment for local differences in patient morbidity. Forms outlining these criteria were placed in all operating theatres and anaesthetists were asked to determine whether tests performed were indicated or not, according to these criteria, over a two-week period, in each patient undergoing elective surgery. Tests indicated for surgical reasons were excluded. These same guidelines were then issued to all surgical departments along with explanatory lectures. The audit was repeated six months later and results compared. The incidence of over-investigation decreased from 13.8% to 11.6% (P=0.03) without a significant increase in under-investigation (0.7 v 1.0%; P=0.2). This study highlights the incidence of unwarranted screening tests in patients presenting for elective surgery and the role of protocols and ongoing education in reducing this incidence.
Preoperative patient assessment is an essential part of anaesthesia care. Laboratory testing can complement the patient's history and physical examination resulting in better detection and determination of comorbidities and stratification of perioperative risk 1 . Unwarranted laboratory tests are of no benefit to the patient and represent a waste of resources. The introduction of a protocol may assist physicians in choosing appropriate preoperative tests for patients prior to elective surgery. This can help ensure optimal screening for surgery, avoid the patient risk and inconvenience of unnecessary testing, and improve efficiency and economy 2, 3 . The institution studied is a tertiary referral teaching hospital. The majority of elective surgical operations in this hospital are carried out on an inpatient basis. There are no formal anaesthetic clinics and preoperative investigations are ordered by junior surgical staff. A pilot study, instituted at the end of an intern year, indicated a significant incidence of over-investigation, so a formal audit was conducted at the beginning and end of the next intern year.
METHODS
Guidelines were developed for the preoperative investigation of patients over one year of age presenting for elective surgical procedures. These guidelines were in accordance with internationally accepted criteria with some adjustment for local differences in patient morbidity 1, 4, 5 . To assess the adherence to these guidelines the case anaesthetist reviewed the preoperative investigations that had been performed on each patient. Each investigation was classified as: indicated and done (appropriate), not indicated but done (over-investigation), or indicated but not done (under-investigation); according to the criteria outlined in the guidelines. This audit was carried out in two parts. The data collected included the appropriateness of each test, ASA status, age and surgical specialty. The initial survey was conducted for a two-week period at the beginning of the surgical interns' first six-month attachment. The second two-week survey was conducted near the end of this time. Following the first survey, the interns received a pocket size "Guidelines for Preoperative Investigations" for reference ( Figure 1 ). These guide-lines were further reinforced by a series of educational lectures concerning preoperative investigations for elective surgical patients.
The percentages of inappropriate investigations in each audit were then calculated. The two groups were compared using the Chi-square test.
RESULTS
Patient health status and casemix were similar in both surveys (Tables 1 and 2 ). Chi-square tests of distribution of surgical specialty and ASA status revealed no significant differences (P=0.234 and P=0.6088 respectively). The mean age of the patients in survey 1 was 38.2 years and in the second survey 41.2 years (P=0.22). Likewise there was no significant difference in the gender distribution between the two surveys (P=0.81). The percentages for each individual investigation considered inappropriate are shown in Table 3 . All investigations, with the exception of blood glucose, showed a significant reduction in the second survey. From the first to the second survey unwarranted tests decreased from 13.7% to 11.6% (P=0.03), and omission of necessary tests increased from 0.7% to 1.0% (P=0.2) ( Table 4 ). The small, statistically insignificant increase in underinvestigation in the second survey was not associated with delay or cancellation of any cases.
DISCUSSION
Risk to patients presenting for elective surgery stem from the patient's medical co-morbidities and Complete blood count a) Age less than 6 months and older than 60 years (except minor surgery) b) History or physical examination suggesting anaemia c) Known cardiac, pulmonary or renal disease; malignancy d) As baseline when massive blood loss is anticipated e) Bleeding tendency as evidenced by history or physical examination f) Suspicion of infection the nature of the proposed surgical procedure and anaesthesia. Preoperative patient assessment aims to minimize risk by determining the presence and extent of medical co-morbidities by history, examination and, when indicated, investigations 6 . None of the major anaesthesia organizations in the U.S.A., U.K. or Australia and New Zealand stipulate any preoperative investigation as mandatory. They all state that preoperative history and clinical examination are an essential part of anaesthetic management and that the findings elicited from these should dictate which investigations are necessary [7] [8] [9] . The preoperative history is most important, readily available and relatively cheap compared with investigations. Patient's self-reported exercise tolerance is a reliable indicator of perioperative risk independent of all other variables 10 . It has been calculated that the decision regarding a patient's fitness for elective surgery can be accurately predicted in 96% of cases on the basis of history and clinical examination alone 11 .
Numerous studies reveal there is little to be gained from routine laboratory screening of elective surgical patients 1,10-13 . Preoperative testing is not a good method for screening the general population. The positive predictive value of a test is improved when a test is performed on a population with a higher incidence of the condition. In preoperative patients this can be achieved by only testing those with a clinical indication. The application of Bayes' theorem suggests that a test is most useful in a population with a moderate probability (30 to 70%) of disease 14 . Such thinking is analogous to clinical reasoning, where tests are interpreted in the light of the patient's underlying risk of disease. Although not affecting the sensitivity and specificity of an investigation, use of a targeted population with a higher incidence of abnormality will improve the positive and negative predictive value of the test.
Our survey highlighted the lack of knowledge of those ordering the tests as a potential obstacle in the process of preoperative preparation. Historically, few doctors in training received any exposure to the philosophy of targeted investigation. Rather they adopt a thorough and exhaustive approach in their diagnostic evaluations with little regard to cost 15 . In many large public teaching hospitals the most junior medical staff organize the preoperative investigation of patients. Criticism for failing to order a test with possible cancellation of a case is perceived as more likely and serious than criticism for performing tests that are not indicated. A clear set of guidelines approved at a departmental level may alleviate this problem.
In a study of preoperative testing in a British teaching hospital, initial audit showed 47% of tests were not indicated and only 66% of results were recorded in the patients' records. After a period of education aimed at the interns only 10% of tests were deemed unnecessary and 81% of results had been entered in the records 16 . It was estimated that 30 to 95% of unexpected laboratory abnormalities were not recorded or pursued. It has been suggested that this failing may pose a greater medicolegal risk than the failure to actually detect the abnormality 12, 18 .
Despite our hospital having laboratory results available on a computerized database, it is very common for tests, which have been performed recently, either during previous admissions or in outpatient departments, to be duplicated without indication. Likewise patients who have chronic conditions and are followed in outpatient clinics do not need repetition of investigations and specialist referrals if this information can be made available for elective admissions. The length of the anaesthetic consultation can be reduced by 40% if a patient's current records and investigation results are available for review by the anaesthetist at the time of the consultation 19 .
Accountability for health care budgets and implementation of evidence based medicine means that it is no longer acceptable to routinely screen elective surgical patients using a battery of indiscriminate laboratory investigations 20, 21 . It has been quoted that US$30 billion is spent annually on this in U.S.A., 60% of which is unnecessary 22 . These figures do not include the cost sustained due to iatrogenic injury or needless follow-up of false positive results. We have shown that, by reaching a consensus on what tests are indicated for which patients, an easy-to-use set of guidelines can be implemented. Education about the guidelines by introductory seminars for new interns further improved the efficiency of preoperative testing. In our study the reduction of unnecessary preoperative investigations by 15% represents a significant saving in laboratory costs. The saving in inpatient times, operating room efficiency, doctors' workload and patient convenience are less easily measured but nevertheless represent significant quality improvements. We believe that these improvements can be further enhanced by continuing education, feedback and reinforcement for both new and existing staff. The guidelines and principles have now been incorporated into our undergraduate teaching program to increase awareness among the next generation of doctors. Currently there is a general trend towards same day admission for elective surgery. It has been estimated that, in the U.S.A., 70 to 80% of all surgical patients are admitted to hospital on the day of surgery 19 . This is in marked contrast to our hospital where approximately 90% are admitted at least one day prior to surgery. As a result of same day admissions, preanaesthetic clinics have been developed. Patients who will, by virtue of either their coexisting medical diseases or the proposed surgical procedure, need more extensive preoperative preparation are seen in advance of surgery, either as inpatients or at these clinics. Appropriate preoperative investigations as outlined in the guidelines can then be completed. It is then the decision of the anaesthetist to review these results and optimize the patient's condition as appropriate. More specialized and expensive testing can be initiated at this consultation if necessary and surgery scheduled at an appropriate time. In assessing the efficiency of the preanaesthetic clinic, Fischer noted a 51% decrease in laboratory tests ordered. At the institute concerned this corresponded to an average saving of US$112 per patient or US$1.01 million per year. No operating room cancellations, delays or adverse patient events were reported secondary to these savings 19 .
This study shows that significant savings can be made in the preoperative preparation of elective surgical patients with minimal resources. As evidence from other hospitals clearly indicates, even greater savings could be achieved with the implementation of preanaesthetic clinics and promotion of same day admission for surgery. Savings can be realised in terms of inpatient costs and decreased laboratory investigations. The promotion of cost effective preoperative preparation of surgical patients needs to involve physician education with review and adaptation of current practices supported by interdepartmental cooperation. Continued audit to ensure optimal patient safety and outcome as well as economic assessment are also required.
